The decay widths of the 0 ++ and 1 −+ heavy-light hybrids to B(D) and pion are calculated by using the QCD sum rules. The interpolated current of the hybrid is chosen as gqγ α G a αµ T a h v (x). In order to avoid the infrared problem, a two point correlation function between the pion and vacuum instead of the three point correlation function between the vacuum is used. We also keep the leading order of 1/M Q expansion in our calculation for convenience. The decay width of the first type is 1 ∼ 2 MeV while the second type is several hundred KeV.
Introduction
It has been a long time for us to search the exotic hadrons such as the glueballs and hybrids. No candidate that has been found confirmedly so far. Recently, there are some evidences for the existence of hybrids resonance however . The E852 Collaboration at BNL [1] has report a J pc = 1 −+ isovector resonanceρ(1405) in the reaction π − p → ηπ 0 n with the mass 1370 ± 16 +50 −30 MeV and width 385 ± 40 +65 −105 MeV. Since the normalqq meson only has even spin in the channel (ηπ 0 ), the state 1 −+ must be beyond the quark model. The Crystal Barrel Collaboration has also claimed to find an evidence in pp annihilation which may be an resonance with a mass of 1400 ± 20 ± 20 MeV and a width of 310 ± 50 +50 −30 MeV [1] . If these experiments have been confirmed in the future, it will provide the first strong evidence for the existence of the constitute gluon.
Theoretically, the hybrids have been studied widely by various methods such as bag model [2] ,flux-tube model [3] ,QCD sum rules [4] ,lattice [5] and other model [6] . However,there are few works about the heavy-light hybrids except QCD sum rules [4] in which the spectrum of the heavy-light hybrid was given. Compared with the heavy hybrid,bb andcc hybrid, the heavy-light hybrid is easier to be dealt with and the heavy quark effective theory (HQET) may work in such a system. As we know, HQET has led to much progress in the theoretical understanding of the properties of hadrons [7] . In such a framework, many phenomenology methods become easier to be controlled. For instance, QCD sum rule in HQET has been applied to various calculations of physical parameters, such as the decay constants, form factors and decay width [8] .
In the heavy-light hybrids, the calculation in full QCD theory in Ref. [9] shows the constitute of gluon gives a contribution more than 1.0GeV to the mass, so the "light freedom" is too heavy and the availability of 1/M Q expansion seems problematic. While the analysis below shows that the 1/M Q expansion is suitable in the heavy-light hybrids case. In the framework of 1/M Q expansion, the mass of heavy hadron can be expressed as
where the λ have the dimension of mass and can be estimated by the mass split of the doublet such as (B,B * ),(D,D * ) because of the heavy quark spin symmetry. For instance,
3GeV , and λ/M c ≈ 1/3 for doublet (D,D * ). From the calculation in Ref. [9] , the mass split of 0 ++ and 1 −+ is 0.5GeV for b hybrid, so λ = 1.6GeV ∼ M b,1 −+ − M b and the next-leading correction is around λ/m b ≈ 1/3. For the c hybrid, the mass split from Ref. [9] is 0.8GeV , λ = 1.0GeV , which deviates a little much from m light−f reedom = M c,1 −+ −m c ≈ 2.0GeV (it is also a little smaller than 1.6 GeV) , and the next-leading correction λ/M c ∼ 1.0. Comparing with B and D mesons , we can think it is still safe to use 1/M Q expansion in b hybrid system while it should be very careful to apply HQET to c hybrids.
After these consideration, we employ the HQET sum rules to calculate the decay width of the 0 ++ and 1 −+ hybrids to B(D) meson and pion. For convenience, we keep only the leading order of 1/M Q expansion in our calculation, which may make a large deviation in the c hybrid case, however, we wish it will not make a big problem in the estimate of the decay width. Instead of the normal three point function, the two point function between the pion and the vacuum is considered to avoid the infrared problem. Our numerical results show that the decay width of the first kind is about 1 → 2 MeV while the decay width of the second type is only several hundred KeV.
The paper is organized as follows. The analytic formalism of HQET sum rules for the decay of hybrid is given in Sec. 2. In Sec. 3, we calculate some pion's matrix element which is necessary in the sum rules for the decay width. The numerical results of the decay width were obtained in Sec. 4 and we give the conclusion and discussion in the last section.
HQET sum rules for the decay of heavy-light hybrid mesons
In this paper, we consider the following processes
the cases of H c (0 ++ ) → Dπ and H c (1 −+ ) → Dπ are completely analogous. To calculate the decay width of these processes, we consider the following two point correlator
h v is the heavy quark effective field with four velocity v, A(ω ′ , ω) and B(ω ′ , ω) are scalar functions of ω = 2k · v and ω ′ = 2(k − q) · v , which are determined through the spectral density saturated by the mesons corresponding to the interpolated currents, respectively. Here we suppose that the interpolated current for the hybrid with a fixed J pc is not unique, different interpolated current maybe corresponds to different state [4] .
Before carrying out the operator product expansion, we can simplize the correlation function Eq. (4) firstly. Since the free heavy quark propagator in HQET is
and the interaction of the heavy quark with the gluon field A µ in the leading order of 1/M Q expansion is ghv·Ah. Then in the fixed-point gauge x µ A µ = 0(which will be used throughout this paper), the full propagator of the heavy quark 0|T (h(x)h(0)|0 in the leading order of 1/M Q expansion is the same as the free one. Then the correlator (4) reduces to the one including only light quarks. Performing the OPE in A ν , we get
In deriving the last equation in (5), the quark field q(−x) is expanded around zero and only the first two terms are kept, the numerical results in the section. 4 assure it a good expansion. We stress here that, since the perturbative theory does not break chiral symmetry ∂ µ j π µ = 0, there is no perturbative contribution in (5) in the chiral limit. The two matrix elements in (5) will be obtained through another suitable sum rules with the method used in ref [10] . Their detailed expressions will be given in the next section.
On the other side, through the duality between the quarks and hadrons, A(ω ′ , ω) and B(ω ′ , ω) can be represented with the spectral density through the dispersion relations. Because the perturbative contribution vanish, we suppose that the contribution of continuum states vanishes too. Neglecting the single pole terms and using the relation
where Λ = m H − M Q and Λ ′ = m meson − M Q . Then A(ω ′ , ω) and B(ω ′ , ω) can be expressed as two one parameter functions, respectively
where m H , m m and M Q are mass of the hybrid, meson and heavy quark respectively. Therefore, only one parameter Borel transformation is needed. All the parameters in (7) and (8) are defined in full QCD theory just for convenience,
Taking the Borel transformation 1 τB
on both sides of the sum rules, we get the expression for the decay amplitudes
where m refer to the B or D mesons and the A ′ (τ ) and B ′ (τ ) are the Borel transformed function of A(ω ′ ) and B(ω ′ ), respectively
The parameters b i ,d i and F i will be explained in the next section. With these formulae in hands, it's straightforward to obtain the decay width of the processes (2) and (3).
The sum rules for pion's matrix elements
The next step is the determination of the two matrix elements in (5) . The first pion's matrix element π ± (q)|G µν qq|0 has already been given in ref [8] 
where the definition and the numerical results of the coefficients can be found in the same reference. From the Lorentz covariance, the matrix element π(q)|(D α q) i jq G βγ |0 can be written as
where f i are some constants to be determined. By using the motion equation in the chiral limit and performing some special traces, we can obtain the following equations about f i
and f 7 vanishes. Where F 1 , F 2 and F 3 are defined as
In order to obtain the parameters F i , we take advantage of the following sum rules, which are constructed by the suitable correlation functions
where theq or q refer to the u or d quark corresponding to the π ± . Keeping the matrix elements of OPE up to dimension six and omiting the radiative correction, we obtain the Borel transformed functions
where M is the Borel transform parameter.
The numerical results are showed as Fig. 1 and Fig. 2 , one can find in the region M ∼ 1.1 − 1.5, there are stable platforms and they read
to obtain the numerical results, the condensates are chosen as 0| α s π G 2 |0 = 0.012GeV 4 , 0|qq|0 = −(0.24GeV ) 3 , α s 0|qq|0 2 = 8 · 10 −5 GeV 6 . (24)
the numerical results of the decay width
Before going on the numerical calculation of the decay width, there are still some parameters necessary to be fixed. The heavy quark and meson masses are given as those in [11] [12] . The masses of the heavy-light hybrids have been computed in reference [9] in the full QCD theory, only the decay constants of hybrids hadn't been determined yet. We fix them by using the formulae given in this reference [9] and choose all the other parameters the same as them. The Borel parameter M is chosen in the region where both the masses and the decay constants have platform. The results are listed in table 1. Here we should mention that the b quark mass in [9] is chosen a little smaller (4.23 GeV) and we just recite the results of their calculation in this paper.
With the help of Eq. (11), the numerical results of the amplitudes are shown as Fig. 3 and Fig. 4 . In the region M ∼ 0.5 − 1.3GeV , there are stable platform. However, the Borel parameter M ∼ 0.6GeV in the middle region seems a little smaller. The numerical result shows it does not make any problem, since the next-leading contribution is less than 1/5 of the leading term at M ≃ 0.6, the OPE is well performed. Besides, in this sum rule, there is no perturbative contribution, a smaller M does not bring any problem.
Then the decay widths in the leading order of 1/M Q expansion are given as
The numerical results are also shown in table. 1. The big difference between decay widths of H b (1 −+ ) and H c (1 −+ ) results from the additional factor q 2 π /m 2 H in the width formulae (26) compared with that of the 0 ++ 's, since in the decay H b,c (1 −+ ) → B(D)π, the final states are in P-wave.
Conclusion and Discussion
In this paper, we discuss the decay of the heavy-light hybrids H(0 + ) and H(1 − ) to B(D)π by QCD sum rule approach in the framework of HEQT. Using the spectrum of the heavylight hybrids [9] , we argue, in the b hybrid case, convergence of 1/M Q expansion is similar as that in the D meson case, while it is not good for the c hybrid. In the leading order of 1/M Q expansion, the calculation becomes much easier. The two-point correlation instead of the normal three point correlation is employed for the derivation and the heavy quark freedom is extracted out of the correlation functions, which facilitate the calculation. The calculation shows that the decay width of H + (0 + ) → m 0 π + is around 1 ∼ 2 MeV. We can compare it with the decay widths of higher excited states of D meson. The total widths of D 1,2 are around 20 MeV, since channels D(D * )π dominate in their decay, the decay width of D + 1 → D * π + should be around 10 MeV. In the c hybrid decay, the pion is hard (around 1 GeV), so in the similar channel H + (0 ++ ) → Dπ + , we can think the width is ∼ α 2 s * 10 MeV, choosing α s = 0.4, which is around 1 MeV. Because of a big gap between H b,c and B(D), the channel B(D)π may not be dominant in hybrid's decay, for instance, the channel B(D)η ′ may be larger because of QCD anomaly. The calculation of this and other channels will be in our next work. In this paper, some uncertainties are unavoidable, which result from such as two poles approximation, 1/M Q expansion(we keep only the leading order term) and OPE( we keep only the first two terms of OPE in (5), omitting the higher orders would give some uncertainties). Besides, our calculation is dependent on the spectrum of the heavy-light hybrids [9] , however, they are determined by some parameters not common now. To follow the calculation of Ref. [9] with the new values of the parameters is beyond the goal of this paper. 
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